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ABSTRACT 
 
 
 
 
In the past few years the energy demand in the world kept on 
increasing year by year. The part that will be focused is the designing 
of the condensate recovery system to optimise the system is how 
much condensate should be recovered and at what is the usage of 
equipment need in the designing of the equipment with the cost. The 
problems that will be addressed are minimising the cost of make-up 
water and energy. Suitable design based on the condensate condition 
of the condensate presence in the system is addressed also. In 
pharmaceutical industries, around 35 to 70 per cent of the condensate 
along with significant quantity of heat is being drained to the effluent 
treatment plant (ETP). Two objectives is considered in this research 
which is to develop an optimisation model of a condensate recovery 
system, with the objective of maximising the economic potential and 
to apply model on a case study to determine potential savings of 
condensate recovery system. The scope started with the data 
collection on the condition of the condensate based on the case study 
then proceed with the designing of each piping, pump and system type 
equipment. Then he parameters to design the system such as what 
time of systems, pumps and piping will be calculated and used in the 
construction of the superstructure. Then the formulation of the 
optimisation of the thermal energy system is formulated. Then the 
data will be input into the formulation and run it into GAMS modular 
software. Then the results are recorded and see how much energy is 
conserved and how much of the system is optimised. The modelling 
optimisation was successful and the maximum economic potential 
was recorded. The pipe, pump and system type were chosen the 
optimal in this case study. The conclusion in this research is the 
optimisation of the condensate recovery system economic potential is 
at 128915 $. This research can contribute to the reduction of energy 
demand in the thermal energy system. 
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ABSTRAK 
 
 
 
 
Dalam beberapa tahun kebelakangan, permintaan tenaga di 
dunia terus meningkat tahun demi tahun. Bahagian yang akan 
difokuskan ialah reka bentuk sistem pemulihan kondensat untuk 
mengoptimumkan sistem adalah berapa kondensat perlu dipulihkan 
dan pada penggunaan peralatan keperluan dalam merancang peralatan 
dengan kos. Masalah yang akan ditangani ialah meminimumkan kos 
air dan tenaga make up. Reka bentuk yang sesuai berdasarkan 
keadaan kondensat kehadiran kondensat dalam sistem juga ditangani. 
Dalam industri farmaseutikal, kira-kira 35 hingga 70 peratus daripada 
kondensat berserta dengan kuantiti haba yang ketara disalurkan ke loji 
rawatan efluen (ETP). Dua objektif dipertimbangkan dalam kajian ini 
iaitu untuk membangunkan model pengoptimuman sistem pemulihan 
kondensat, dengan matlamat memaksimumkan potensi ekonomi dan 
menerapkan model kajian kes untuk menentukan penjimatan potensi 
sistem pemulihan kondensat. Skop ini bermula dengan pengumpulan 
data mengenai keadaan kondensat berdasarkan kajian kes itu 
kemudian meneruskan dengan merancang masing-masing pipa, pam 
dan peralatan jenis sistem. Kemudian dia membuat parameter untuk 
merancang sistem seperti masa sistem, pam dan pipa akan dikira dan 
digunakan dalam pembinaan struktur superstruktur. Kemudian 
perumusan pengoptimalan sistem tenaga termal dirumuskan. 
Kemudian data akan dimasukkan ke dalam formulasi dan jalankan ke 
dalam perisian modular GAMS. Kemudian hasilnya direkodkan dan 
lihat berapa banyak tenaga yang dipelihara dan berapa banyak sistem 
yang dioptimumkan. Pengoptimuman pemodelan berjaya dan potensi 
ekonomi maksimum direkodkan. Jenis paip, pam dan jenis sistem 
dipilih dengan optimum dalam kajian kes ini. Kesimpulan dalam 
kajian ini ialah pengoptimuman sistem pemulihan kondensat yang 
berpotensi ekonomi pada 128915 $. Penyelidikan ini boleh 
menyumbang kepada pengurangan permintaan tenaga dalam sistem 
tenaga haba. 
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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
 
1.1.   Introduction 
 
 
The energy demand in this world for the past few years shows an 
increasing trend.  It depends on many factors which are the end use 
sector, region and the fuel used. The only factor that will be looked 
into for this research is the sector of the energy demand which consist 
of transport, industry, non-combusted and buildings. The industrial 
sector accounting for around half of the overall increases in demand 
compare to all of the other sector (Dale, 2018). The industrial sector 
consumes about 54% of the world’s total delivered energy as you can 
see from figure 1 below (U.S. Energy Information Administration, 
2016).  
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Year 
Figure 1.1.1 The primary energy consumption by end use sector 
from year 2012 to 2040 
 
 
The industrial sector can be categorized by three distinct types 
which are energy – intensive manufacturing, nonenergy – intensive 
manufacturing and nonmanufacturing. The difference from the 
energy – intensive manufacturing and nonenergy – intensive is that 
the uses of energy in the energy – intensive manufacturing is lower 
compare to the nonenergy – intensive. While with the difference 
between nonmanufacturing industries compare to the other two 
groups is it does not involve any manufacturing or production. 
Examples of energy – intensive manufacturing industry are food, 
paper and refining industries. Nonenergy – intensive manufacturing 
are pharmaceuticals, bioprocess and electronics production. 
Nonmanufacturing industries are such as agriculture, mining and 
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Trillion 
$ 
construction. You can see from this point that the process industries 
consume most of the energy and by the year 2040 it is predicted that 
the nonenergy – intensive manufacturing will consume 43% of the 
consumption of energy as shown in figure 2 (U.S. Energy Information 
Administration, 2016). 
 
 
   
Figure 1.1.2 Global gross output (trillion $) by industrial subsector 
year 2012 and 2040  
 
 
Next, the problems that industries have especially nonenergy 
– intensive manufacturing industries is that the demand of energy will 
keep on increasing other than reducing it or optimizing the energy 
demand. One example of the industries in the non-energy intensive 
Year  
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manufacturing is the pharmaceutical industry. Over the last decade, 
the increase economic headwinds and rising energy costs, energy 
consumption is being much more critical. The pharmaceutical 
industry is wants to lower the cost of energy and even pushing towards 
more environmental stewardship and carbon reduction in light of 
larger global environmental trends. The energy use by pharmaceutical 
industries usually divided into two which are electrical or utilities 
energy and thermal energy. Electrical energy is the energy needed for 
the plant to produce their product, to run all the equipment, provide 
energy to the necessary devices such as lighting and air conditioning 
to make sure that the whole system of the plant is running smoothly. 
The thermal energy is a system that provided the process in upstream 
and both down streams with heated water or steams and chilled water 
to make sure the process is running at the desired temperature and 
state. This study will only focus on the optimisation of the thermal 
energy system to reduce the energy consumption of a process industry 
(Berrada and Loudiyi, 2015).  
 
 
One type of process of process industries that is focused in this 
industry is batch process. Batch process is a process that based on the 
production of bio – based chemical and materials, fuel and 
pharmaceutical products. In other terms it is also knows as the 
production of useful products involving biological process within 
bioprocessing plants. This industry has been rapidly developing and 
have impacted various sectors of industries over the last several 
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decades. In today’s technologies it represents an essential part of food, 
chemical, pharmaceutical and other similar industries where bio-
based product manufacturing is carried out by using a wide range of 
solvents and utilities. Some pharmaceutical company even changed 
into using bioprocess as a way for them to produce their drugs 
(Anastasovski, Rašković and Guzović, 2015). The process plant of a 
bioprocess industry is similar to another process plant but a more 
complex task due to the type of process that carried out. Usually in a 
bioprocessing plant they consider to be a batch processing plant (BPP) 
than continuous processing plants (CPP). In a BPP the operation of 
certain equipment has to wait for the previous equipment to finish in 
order for the next operation to occur. While in CPP all of the 
operations occur simultaneously and the production is processed 
without interruption. In this research, the optimisation will be focused 
only one part of the whole system so it is still possible to run it in a 
continuous way to make sure that the optimisation of the thermal 
energy management is done properly (Lee, Seid and Majozi, 2015). 
 
 
Optimizing the thermal energy system can be done by 
analysing what is needed in the current system to make sure that cost 
can be save in running the thermal energy system. In the system it is 
observed that the condensate is not recovered and merely dumped into 
the drain system. This is known as a waste of potential energy 
recovery of the condensate value. Condensate recovery can reduce not 
just the make-up water cost but even sewer cost, fuel cost, chemical 
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cost, pre-treatment cost and blowdown cost. Eliminating these costs 
can lead to a lot of energy saving opportunities and environmental 
benefits. A proper design of the condensate recovery needed to be 
installed in the system to make sure the condensate recovery that is in 
process is the best quality possible for the case study. The condensate 
recovery of a system is not the same as any other type of condensate 
recovery because it correlates with the conditions and situation of the 
condensate that is being recovered. These conditions and situations 
are temperature, pressure difference and type of process. After 
analysing the condensate properly, the size and length of piping for 
each part of the condensate, the type of pump and type of system need 
to be determined. Then the design of the condensate recovery can be 
completed.  
 
 
 
 
1.2   Problem Statement 
 
 
In conducting this research, optimising the thermal energy 
system of the process needs to make sure that the condensate recovery 
in the system can be maximised. This means that if the condensate 
recovery supplied after used is 100 L then the value that recovered 
must be near. Some considerations must be considered also which is 
if the condensate recovery is about 75 – 80% then the value is still 
reasonable for the system. Usually the reduced value of the 
condensate is due to the conditions of the condensate recovered which 
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can cause fouling to the boiler. This process is called the boiler 
blowdown. The reason we must maximised condensate recovery is 
that when steam condenses, the condensate temperature is the same 
as the steam itself because only the latent heat has been transferred to 
the system, the full amount of the sensible heat remains in the 
condensate. Another term for this condition of the condensate is called 
saturated water. The sensible heat can be used back is the purpose of 
the condensate recovery (Lee, Seid and Majozi, 2015). The energy 
that is usually contain in the condensate is about 25% of the energy in 
the original steam. This can save a lot of cost in operating the boiler 
in reducing the make-up water for the boiler, reduce fuel for heating 
the boiler and increases the boiler lifespan.   
 
 
The design of the condensate recovery can also be a problem, 
the reason is because the part of the design consists of many parts 
which is the piping, pumps and system. Then the piping sizing and 
length of the condensate lines need to be determined in the designing 
of the condensate recovery system. The four basic types of condensate 
lines that needed to be consider is the drain lines to trap, discharge 
lines from traps, common return lines and pumped return lines. The 
parameters that needed to be considered during sizing the condensate 
lines is the pressure, quantity and condition. The pump for the 
condensate recovery needed to be chosen based on the situation of the 
condensate returns. The condensate recovery can also run without any 
pumps needed if the design can transfer the condensate without any 
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restriction either by using gravity or design of the piping. One pump 
that can be considered is that the electrical centrifugal pumps, this 
pump is widely used in the condensate recovery system and usually 
the temperature of the condensate is medium or low temperature. The 
condition of the pressure differences can be positive or negative. 
Another type of pump that can be chosen is mechanical condensate 
pumps which used in high temperature condensate recovery. The 
pressure difference of this pump is that it must be always positive. 
The systems of the condensate recovery need to be either a vented 
systems or pressurized systems. Condensate recovery systems can be 
classified as either vented-to-atmosphere or pressurized depending on 
whether condensate is recovered in an open-to-atmosphere tank 
(vented) or sent to a pressurized vessel either directly to the boiler 
(pressurized) (Beta.spiraxsarco.com, 2019).  
 
 
In pharmaceutical industries, typical condensate recovery 
ranges between 30 to 55 percent. Average direct steam consumption, 
this means that knowingly or unknowingly, around 35 to 70 per cent 
of the condensate, along with significant quantity of heat is being 
drained to increase the load of the effluent treatment plant (ETP). 
Effluent Treatment Plant or ETP is one type of waste water treatment 
method which is particularly designed to purify industrial waste water 
for its reuse and its aim is to release safe water to environment from 
the harmful effect caused by the effluent. The main reasons is 
remotely located units in the plant, less quantity of condensate making 
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it practically non-feasible to recover, scarcity of the water thereby 
imposing the use of condensate locally and lack of knowledge about 
the value of condensate. Out of all the above, "Lack of Knowledge" 
about the condensate ranks the first (A Korde, 2019). Even at most of 
the industries, it has been observed that the condensate is stored in the 
tank outside the unit and pumped electrically to cater the make-up 
water demand of the nearby cooling towers. This not only wastes the 
pure condensate with its associated heat energy but also result in 
increasing the load on the cooling tower itself. 
 
 
 
 
1.3 Objective 
 
 
a) To develop an optimisation model of a condensate recovery 
system, with the objective of maximising the economic 
potential. 
b) To apply model on a case study to determine potential savings 
of condensate recovery system. 
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1.4 Scope of Study 
 
 
a) Literature review is done on the product of the case study 
which is penicillin to understand more on the process in 
pharmaceutical industry. 
b) Batch and the thermal energy system need to be understood 
and explain to make sure the understanding is complete on the 
operation of the system 
c) Then understanding the modular GAMS is needed to identify 
the solver and hat type of solver needed to be use in the system 
either linear, mixed integer linear programming or non linear. 
d) A thermal energy system of a plant is chosen as the case study 
and do a data analysis and collection of the system and see 
whether and optimisation and designing of condensate 
recovery system is done or not. 
e) Analysed the thermal energy system in the process and take 
note on all of the process that is involved in the thermal energy 
system. The data of each output of condensate need to be 
analysed based on the conditions, temperature and pressure. 
f) Calculate the economic potential if condensate recovery is 
done for all of the process annually. This will be considered 
based on all of the cost that is needed if the condensate is not 
recovered back into the system. 
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g) The economic potential is based on the water, sewer, fuel, 
chemical treatment, pre-treatment and blowdown cost of the 
thermal energy system of the case study. 
h) Based on the conditions of each output of the condensate, the 
size and length of the piping needed for the design of the 
condensate recovery system must be calculated and recorded. 
Choose the appropriate piping needed based on the existing 
model of pipes. 
i) Decide whether installing a pump in the system is needed for 
the condensate recovery design. If the installation of pumps is 
needed, decide what type of pumps that should be considered 
based on the condition of the condensate in the return lines. 
j) The type of system of the condensate recovery design need to 
be chosen based on the conditions of the plant process and 
condensate. The decisions are usually based on the cost of the 
system. 
k) Understand all of the components such as all of the variables, 
parameters and constraints of the design of the condensate 
recovery system based on the previous analysis done. 
l) Collect all the data needed for the formation of the 
superstructure. Which is all type of piping involves and their 
cost, the cost of the pump and operating cost, the type of 
system installation and operation cost. 
12 
 
m) Classify all of the information given by its particular 
characteristics and organized through the identification of 
similar patterns for each component of the problem. 
n) Then form the superstructure including all the parameters, 
variables and constraints based on the supply and demand of 
the energy of the thermal energy system. 
o) Then proposed a possible solution of the problem and see 
which parameters is chosen for the design of the condensate 
recovery system based on the case study. 
p) Then proceed with sensitivity analysis. Improve the variables 
based on the analysis and correct all the possible problems that 
occur in the formulation. Make sure the formulation fulfils all 
the problem requirements and be compare the results with the 
expected results to see the outcome. Discuss and conclude the 
research. 
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